To describe imaging and clinical findings for a left ventricular noncompaction (LVNC) in the adult. Materials and Methods: From 2000 to 2014, 63 patients were diagnosed with LVNC by echocardiography, computed tomography, and magnetic resonance imaging at our hospital. Baseline characteristics, clinical manifestations, combined cardiac or systemic anomalies, and imaging findings were reviewed. We made a comparison between the isolated and combined disease groups. Results: Among 63 patients with LVNC, 32 (51%) patients did not have combined cardiac anomalies (isolated disease group). The mean age at the initial diagnosis was higher in the isolated than in the combined disease group (54.2 years vs. 40.2 years, p < 0.001). The combined disease group presented symptoms more frequently at initial diagnosis than the isolated disease group (94% vs. 75%, p = 0.082). Heart failure symptoms were the most common adverse events (60.3% in all patients). Thromboembolic events developed in 20 patients, and were more frequent in the combined disease group than in the isolated disease group (39% vs. 26%, p = 0.279). The most common cardiac abnormality was dilated cardiomyopathy (n = 15, 24%). There was no significant difference in the mean noncompacted/compacted ratios between both of the disease groups. Conclusion: Isolated and combined LVNC disease groups showed differences in age at diagnosis and clinical manifestations. The clinical and imaging findings may be helpful to better understand LVNC. 
INTRODUCTION
Left ventricular noncompaction (LVNC) is a myocardial disorder characterized by numerous prominent trabeculations and increased depth of inter-trabecular recesses that could contain thrombi (1). Congenital developmental arrest during the first trimester leading to the formation of two layers of the myocardium is the most accepted theory for the onset of LVNC (1-3).
However, congenital developmental arrest alone is not sufficient to explain the etiology of LVNC, as suggested by some reports of acquired LVNC cases and even of reversible trabeculation in pregnant women (4, 5) .
Although several diagnostic criteria for this disorder have been suggested, a global standard diagnosis for LVNC has yet to be established. Variable clinical manifestations and prognoses for LVNC have also been reported because patient population and imaging criteria have differed between previous studies (1, 6-9).
We considered that a description of clinical characteristics and imaging features in an LVNC series, even using retrospective data from a single center, would increase our understanding of this rare disease entity. In our current study, we described imag- 
MATERIALS AND METHODS

Patients
The Institutional Review Board of our hospital approved this retrospective study, and waived the requirement to obtain informed consent (2015-0570). Using the research-dedicated database system (ABLE, Asan Medical Center, Seoul, Korea) of our institution, which contains cardiac CT, cardiac MRI, and transthoracic echocardiography (TTE) reports, patients with LVNC and aged above 18 years were identified using the keywords noncompaction, spongy myocardium, or hypertrabeculation. Among the 72 searched patients, from 2000 to 2014, 66 patients were diagnosed with LVNC at our hospital based on cardiac imaging. Three cases without image data or for whom the image quality was suboptimal were excluded. Finally, 17
CTs, 18 MRIs, and 51 TTEs of 63 LVNC patients were enrolled.
Total 43 patients were diagnosed by just one image modality (34 only by TTEs, 6 only by CTs, and 3only by MRs). We divided the study patients into two groups: LVNC without cardiac anomaly (isolated disease group, n = 32) and LVNC with cardiac anomaly (combined disease group, n = 31) ( Table 1) . Combined cardiac anomalies included dilated cardiomyopathy (n = 15, 24%) followed by other types of congenital heart disease (n = 12, 19%) including coarctation of the aorta (CoA), tetralogy of Fallot (TOF), Ebstein anomaly, and transposition of the great arteries (TGA). Clinical manifestations at diagnosis included symptoms such as neck vein distention, rales, acute pulmonary edema, nocturnal dyspnea, and other manifestations of congestive heart failure (CHF) based on the criteria of the Framingham Heart Study (10) . All detectable symptoms in our study patients were described at their initial presentation. Incidental detection was defined as diagnosis of LVNC on imaging that was conducted to evaluate other cardiac diseases without symptoms of CHF or on screening echocardiography (ECG).
Imaging Techniques and Analysis
Electrocardiography-gated cardiac CT was performed using 
RESULTS
Among the 63 patients with LVNC analyzed in this study, 32 (51%) did not have a combined cardiac anomaly (isolated disease group) and 31 (49%) had combined cardiac abnormalities (combined disease group). The mean age at initial diagnosis of the isolated disease group was higher than that of the combined disease group (54.3 vs. 40.3 years, p < 0.001) ( Table 1 ). The combined disease group presented with symptoms at initial diagno- 75%, p = 0.082). The most frequent chief complaint at initial diagnosis was CHF in both groups (n = 38, 60%), which was more frequent in the combined than in the isolated disease group (74% vs. 47%, p = 0.027). Thromboembolic events were more common in the combined than in the isolated disease group, without statistical significance (39% vs. 26%, p = 0.279). ECG findings were heterogeneous, varying from normal sinus rhythm to Wolff-Parkinson-White (WPW) syndrome. Left bundle branch block was the most common finding in the isolated disease group (n = 9, 28%), whereas atrial fibrillation was the most frequent in the combined disease group (n = 8, 26%). The number of patients who underwent cardiac intervention or operation was much higher in the combined than in the isolated disease group (14 vs. 1, respectively). Four patients underwent heart transplantation, 1 in the isolated and 3 in the combined disease group.
In the combined disease group, the most common comorbid cardiac abnormality was dilated cardiomyopathy (n = 15, 24%), followed by other congenital heart diseases (n = 12, 19%) including CoA, TOF, Ebstein anomaly, and TGA.
From the retrospective review of the data from each image modality, patients with LVNC showed extensive trabeculation, increased NC/C ratio, and inter-trabecular recess (Fig. 1) . The mean NC/C ratio was 2.8 ± 0.6 on TTEs in 51 patients, 2.8 ± 0.7 on CTs in 17 patients, and 2.9 ± 0.8 on MRIs in 18 patients. There was no significant difference in the NC/C ratios between the isolated and the combined disease group (NC/C ratio on TTE:
2.8 ± 1.7 vs. 2.8 ± 0.3; p = 0.227) either on TTE or MRI (Table 2 ).
In the 17 patients with CT data, the combined disease group showed a higher NC/C ratio than the isolated disease group (p = 0.010). In the patients who underwent both TTE and CT (n = 9), TTE and MRI (n = 13), and CT and MRI (n = 8), there were no significant inter-modality differences in the NC/C ratios (Table 3) .
And, the limits of agreement for inter-modality differences in the NC/C ratios on TTE and CT, TTE and MRI, and CT and MRI are 0.11 ± 1.23, 0.12 ± 1.24, and 0.01 ± 0.72, respectively by Bland-Altman Analysis. Among the 18 patients who received MRI, delayed myocardial enhancement was observed in 6 pa- tients, 4 of whom showed a decreased LV ejection fraction of less than 50% at presentation (Fig. 2) .
DISCUSSION
The major findings from our current analysis of clinical and imaging data in LVNC patients collected over 14 years at a single tertiary center were: 1) the combined form of LVNC shows a younger age at diagnosis, more frequent symptoms, and higher frequency of thromboembolic events than the isolated form;
and 2) the mean NC/C ratios of 2.8 ± 0.6 on TTE, 2.7 ± 0.7 on CT, and 2.9 ± 0.8 on MRI indicate no significant inter-modality difference.
As an unknown myocardial disease, LVNC has shown variable clinical findings and its diagnosis is the subject of some controversy. The clinical characteristics of LVNC have been reported in several studies, showing high variability from an asymptomatic state to sudden cardiac death (1, 7, 12-21). The most frequent chief complaint at initial diagnosis was heart failurerelated symptoms in both groups of our current study (n = 38, 60%), was more frequent in the combined than in the isolated disease group (74% vs. 47%, p = 0.003) (3) . In our present analysis, the disease was detected incidentally in the absence of symptoms in only 10 (16%) patients, and these cases were more frequent in the isolated than in the combined LVNC group (25% vs. 7%).
Thromboembolic events were evident in 20 patients, consistent with the previously reported incidence range from 0 to 38% (1, 3, [12] [13] [14] . In addition, the incidence of this complication was higher in the combined than in the isolated disease group (39% vs. 26%, p = 0.279). Several comorbid ECG abnormal findings have been reported, such as WPW syndrome (3-32%), ventricular tachycardia (15-38%), bundle branch block (5-56%), paroxysmal supraventricular tachycardia and others (1, 3, [12] [13] [14] 22 ). In our current study, a left bundle branch block was the most common ECG finding in the isolated disease group (n = 9, 28%). Conversely, atrial fibrillation was the most frequent ECG finding in the combined disease group (n = 8, 26%).
Several reports have recently suggested a relatively benign natural course and lower frequency of symptomatic presentation than the previous notion that NC typically leads to heart systolic dysfunction on follow-up. For example, a recent the MESA-9.5 year follow-up study reported a benign course in the relatively asymptomatic adult population (the so-called "asymptomatic trabeculation"). That report suggested that regular and frequent imaging and clinical follow-up may be unnecessary in subjects with a low pre-test probability of LVNC but with marked trabeculation based on traditional imaging criteria (16, 20, 23) . Some reports have also shown that some factors can interfere with the measurement of the NC/C ratio, in particular some mimickers such as a false tendon and aberrant bands (24, 25) . On current study population, only 10 among 63 patients (16%) diagnosed as LVNC incidentally. That means the majority of the included population in this study basically focus on the symptomatic patients. We considered that is the main difference about study populations compared to the MESA-9.5 year follow-up study (20) .
This study has some limitations of note. First, definite diagnostic and classification criteria for LVNC are still lacking. According to the classification of cardiomyopathy by the American Heart Association, LVNC is considered to be a genetic cardiomyopathy distinguished from other cardiomyopathies. However, some reports have tried to phenotypically subcategorize LVNC as dilated/ hypertrophic/restricted-type LVNC, or categorize according to the involved chamber (23) . To that same purpose, we retrospectively included all LVNC patients with/without combined cardiac abnormalities including congenital heart disease, acquired cardiac disease, and other kinds of cardiomyopathy, regardless of disease category. Therefore, some inclusion bias was unavoidable. Furthermore, the difference of the diagnostic criteria among the image modalities take a role as a limitation.
Second, since most cases were diagnosed following hospitalization in a large tertiary hospital, the prevalence of LVNC was hard to evaluate and the true incidental findings were probably underestimated. In addition, there was a limitation in the compar- 5.6 ± 1.6 17.2 ± 4.3 3 ± 0.7 MRI Total (n = 18) 5.9 ± 1.6 16.2 ± 3.3 2.9 ± 0.8 Isolated (n = 6) 7 ± 1.4 16.5 ± 3.6 2.6 ± 0.6 Combined (n = 13) 5.3 ± 1.4 16 ± 3.3 3.1 ± 0.8 Parameters are shown in millimeters, presented as mean ± standard deviation. NC/C ratio = the ratio of noncompacted layer thickness over the compacted layer thickness, TTE = transthoracic echocardiography ative analysis of imaging findings, since only five patients received all image modality simultaneously. Finally, current study was done with retrospective manners.
In conclusion, isolated and combined groups of LVNC showed differences in the age at diagnosis and in the clinical manifestations. The clinical and imaging findings of LVNC presented in this study may assist in the better understanding of LVNC. 
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